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HYHU LUUHVSHFWLYHO\ RI VXFK DGGLWLRQDO HOHFWURQLF V\VWHPV EUDNLQJ LVPRVW IUHTXHQWO\ DFFRPSOLVKHG E\ DFWLQJ WKH
IULFWLRQOLQHEUDNHVKRHVZLWKSQHXPDWLFRUK\GUDXOLFV\VWHPVVRILUVWRIDOOWKHLUSURSHURSHUDWLRQVKRXOGEHHQVXUHG
,Q/LWKXDQLDWHVWVRIEUDNLQJV\VWHPDUHFRPSXOVRU\WKHEUDNLQJV\VWHPLVWHVWHGRQWHFKQLFDOLQVSHFWLRQWHVWV7KH
PHWKRGVDSSOLFDEOHIRUWKHLUDFFRPSOLVKPHQWYDU\IRUGLIIHUHQWFDWHJRULHVRIYHKLFOHV&DUVDUHWHVWHGZLWKRXWDORDG
ORDGFDUU\LQJYHKLFOHVZLWKDSQHXPDWLFEUDNLQJV\VWHPDUHWHVWHGZLWKRXWDORDGDVZHOOKRZHYHUWKHDLUSUHVVXUHLV
PHDVXUHGLQWKHEUDNLQJV\VWHPRIWKHODWWHUDQGWKHQWKHEUDNLQJHIILFLHQF\DWDFHUWDLQSUHVVXUHLVFDOFXODWHG/RDG
FDUU\LQJYHKLFOHVZLWKDK\GUDXOLFEUDNLQJV\VWHPUHTXLUHWHVWVZKHQWKH\DUHIXOO\ORDGHGKRZHYHUVXFKWHVWVDUHQRW
HDVLO\LPSOHPHQWDEOH
7KHDLPVRIWKHSUHVHQWUHVHDUFKLQFOXGHH[DPLQDWLRQRIPHWKRGVIRUORDGFDUU\LQJYHKLFOHEUDNHV\VWHPWHVWLQJ
DQGHVWDEOLVKLQJWKHLQWHUGHSHQGHQFHEHWZHHQWKHEUDNHSHGDOSUHVVLQJIRUFHDQGWKHZKHHOEUDNLQJIRUFH
,Q/LWKXDQLDDQGZRUOGZLGHO\VFLHQWLVWVSD\DFRQVLGHUDEOHDWWHQWLRQWRH[DPLQDWLRQRISUREOHPVRIEUDNHVDVZHOO
DVWRWHVWVRIEUDNLQJV\VWHPV7KHUHVHDUFKE\/6HJDOVKRZHGDFRQVLGHUDEOHDIIHFWRIWHPSHUDWXUHRQWKHEUDNLQJ
V\VWHP ,QFRXUVHRI WKHEUDNLQJSURFHVV WKHEUDNHGLVN WKH IULFWLRQOLQHEUDNH VKRHVDQG WKHEUDNH VXSSRUWKHDW
FRQVLGHUDEO\,WZDVIRXQGWKDWZKHHOEUDNLQJVKRXOGODVWQRORQJHUWKDQIRU±VHFRQGVRQWKHEUDNHWHVWVEHFDXVH
EUDNHHOHPHQWVKHDWXSWRRYHU&$WDKLJKWHPSHUDWXUHRIWKHEUDNLQJV\VWHPWKHEUDNLQJSURSHUWLHVRIWKHVKRHV
EHFRPHZRUVH6HJDO
2QHRIQHJDWLYHIDFWRUVWKDWDSSHDURQEUDNLQJDYHKLFOHZLWKGLVNEUDNHVLVDGHIRUPDWLRQRIDEUDNHGLVN7KH
GHIRUPDWLRQDIIHFWVWKHEUDNLQJHIILFLHQF\7KHSHUIRUPHGUHVHDUFK*DUFLD3R]XHOR5DPRVHWDOVKRZVWKDW
WKHGHIRUPDWLRQPD\EHPHDVXUHGE\DUROOHUEUDNHWHVWHU$WPUXQRXWRIDEUDNHGLVNWKHVDLGVWDQGPHDVXUHV
GHIRUPDWLRQGXULQJWKHWHVWV)LJ


)LJ7KHUDWLREHWZHHQWKHGLVNGHIRUPDWLRQVDQGWKHSDUDPHWHUVPHDVXUHGE\WKHUROOHUEUDNHWHVWHU
,QDGGLWLRQWKHEUDNLQJHIILFLHQF\LVDIIHFWHGE\WKHWKLFNQHVVRIEUDNHSLSHV7KHSHUIRUPHGUHVHDUFK$O\D]HHG
$OEDWODQVKRZHGWKHEUDNLQJHIILFLHQF\WREHGLIIHUHQWDWGLIIHUHQWORDGVRIWKHYHKLFOHDQGGLIIHUHQWWKLFNQHVVHV
RIEUDNHSLSHV$WORZHUORDGVWKLVGLIIHUHQFHUHGXFHV)LJ

 
)LJ7KHEUDNLQJHIILFLHQF\ZKHQWKHYHKLFOHORDGLVD±1E±1
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,WPD\EHVHHQIURPWKHGLDJUDPVSURYLGHGLQ)LJWKDWRQFKDQJLQJWKHYHKLFOHORDGWKHGLIIHUHQFHEHWZHHQWKH
EUDNLQJHIILFLHQFLHVLQWKHULJKWDQGLQWKHOHIWSDUWRIWKHYHKLFOHZDVJURZLQJ,QWKHULJKWSDUWWKHEUDNHSLSHKDG
EHHQUHSODFHGZLWKWKHRQHWKDW¶VGLDPHWHUH[FHHGHGWKHGLDPHWHURIWKHRULJLQDOGLVNDQGLQWKHOHIWSDUWWKHRULJLQDO
SLSHUHPDLQHG:KHQWKHYHKLFOHORDGLV1WKHSUHVVXUHRIWKHEUDNLQJV\VWHPEHIRUHZKHHOEORFNLQJLVRYHU
EDUDQGZKHQWKHORDGLV1WKHSUHVVXUHLQWKHV\VWHPLVRYHUEDU
2QHRI WKHPDLQ UHTXLUHPHQWV DSSOLFDEOH WRYHKLFOHEUDNLQJ V\VWHPVDQG WKHEUDNLQJHIILFLHQF\ LV VHW IRU WKHLU
UHODWLYHD[LDOEUDNLQJIRUFHV)RUHQVXULQJWKHYHKLFOHVWDELOLW\RQEUDNLQJWKHUHODWLYHEUDNLQJIRUFHRIUHDUD[OHVKRXOG
QRWEHELJJHUWKDQWKHUHODWLYHEUDNLQJIRUFHRIIURQWD[OH1DJXUQDV
)RUWHVWVRIWKHEUDNLQJV\VWHPVWDWLRQDU\EUDNHWHVWHUVDUHXVHG7KHVWDQGVDUHFODVVLILHGDFFRUGLQJWRWKHLUVL]HV
EUDNLQJIRUFHVDQGRWKHUSDUDPHWHUV7KHUHVXOWVRIWKHWHVWVDUHDIIHFWHGQRWRQO\E\WKHIULFWLRQFRHIILFLHQWEXWDOVR
E\WKHVWUXFWXUHRIWKHVWDQG-XQHWDO)LJ


)LJ7KHSRVLWLRQRIDZKHHORQWKHEUDNHWHVWHU
$IWHUFRPSOHWLRQRIWHVWVE\VHYHUDOGLIIHUHQWEUDNHWHVWHUVZHIRUPHGWKHGHSHQGHQFHRIWKHEUDNLQJIRUFHFbRQWKHGLDPHWHUdRIWKHVWDQGUROOHUVDQGWKHDQJOHD7DEOH
7DEOH7KHEUDNLQJIRUFHVDSSOLHGWRWKHIURQWDQGUHDUZKHHOVKDYHEHHQPHDVXUHGE\GLIIHUHQWVWDQGV
7\SH d PP L PP D q FbF1 FbR1
     
     
     

,QWKH7DEOH FbF±WKHEUDNLQJIRUFHDSSOLHGWRWKHIURQWD[OH1FbR±WKHEUDNLQJIRUFHDSSOLHGWRWKHUHDUD[OH
1
,WPD\ EH VHHQ IURP WKH7DEOH  WKDW WKHPHDVXUHGEUDNLQJ IRUFHZDV ELJJHU RQ WKH VWDQGZLWK WKH IROORZLQJ
SDUDPHWHUVd PPL PPDQGD q$Q\EUDNLQJLVXQLTXHLWLVDOPRVWLPSRVVLEOHWRREWDLQWKHVDPH
EUDNLQJIRUFHVRQPDNLQJVHYHUDOWHVWVE\WKHVDPHVWDQG
7KHUHYLHZRIWKHPHWKRGVIRUEUDNLQJHIILFLHQF\PHDVXUHPHQW
2Q ORDGHGYHKLFOH WHVWLQJ WKH EUDNLQJ IDFWRU VKRXOGEH HVWDEOLVKHGE\GLUHFWPHDVXULQJ WKHEUDNLQJ IRUFHV ,Q
FDOFXODWLRQRIWKHEUDNLQJIDFWRURIDORDGHGYHKLFOHQRH[WUDSRODWLRQLVUHTXLUHGEHFDXVHLWLVIRXQGIURPWKHIROORZLQJ
HTXDWLRQV
)RUDPRWRUYHKLFOH
PD[

M
i
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F
Z ¦   
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KHUHZM,lad ±WKHEUDNLQJIDFWRURIDORDGHGYHKLFOHFi±WKHEUDNLQJIRUFHDSSOLHGWRWKHD[OHi DORQJWKHWLUHSHULPHWHU
1FMPD[±WKHPD[LPXPSHUPLVVLEOHFM1FM±WKHVWDWLFIRUFHSHUSHQGLFXODUWRWKHURDGVXUIDFHWKDWDFWVDOOWKH
ZKHHOVRIDPRWRUYHKLFOHRUFMFRQIRUPLQJWRFi1
)RUDYHKLFOHZLWKDWUDLOHU
PD[

R
i
ladR F
F
Z ¦   
KHUH ZR lad ± WKH EUDNLQJ IDFWRU RI D ORDGHG YHKLFOH ZLWK D WUDLOHU FR PD[ ± WKH PD[LPXP SHUPLVVLEOH VWDWLF
SHUSHQGLFXODUIRUFHIRUDIXOO\ORDGHGYHKLFOHZLWKDWUDLOHU1
8SRQDSSOLFDWLRQWKHVLQJOHSRLQWPHWKRGDVLQJOHPHDVXUHPHQWRIWKHEUDNLQJIRUFHDSSOLHGWRHDFKD[OHRUWR
HDFKZKHHOLVUHTXLUHG7KLVEUDNHWHVWLQJPHWKRGLVDSSOLHGIRUHPSW\ORDGFDUU\LQJYHKLFOHV,WLVXVHGIRUWHFKQLFDO
LQVSHFWLRQWHVWVRIORDGFDUU\LQJYHKLFOHVLQ5HSXEOLFRI/LWKXDQLD7KHWHVWVDUHFDUULHGRXWRQUROOHUEUDNHWHVWHUV
2QVWDUWLQJDWHVWPDQRPHWHUVDUHFRQQHFWHGWRWKHFRQWUROWLSVRIZKHHOEUDNHFKDPEHUVWRDQD[OHRQHPDQRPHWHU
LVFRQQHFWHGLQYHKLFOHVWZLQD[OHRUWKUHHD[OHZKHHOEUDNHFKDPEHUVDVLQJOHPDQRPHWHULVXVXDOO\FRQQHFWHGWRD
FRQWRXUIRUVXSSO\LQJWKHFRPSUHVVHGDLURIWKHVDPHSUHVVXUHWRWKHWZLQD[OHRUWKUHHD[OHEUDNHFKDPEHUV7KH
PDQRPHWHUVVKRXOGEHFRQQHFWHGWLJKWO\RQSUHVVLQJDQGIL[LQJWKHEUDNLQJSHGDOQROHDNRIFRPSUHVVHGDLUVKRXOG
EHDXGLEOHLQWKHFRQQHFWLRQV
7KHYHKLFOHLVGULYHQRQWRWKHGUXPVRIEUDNHWHVWHU:KHQWKHGUXPVEHJLQURWDWLQJWKHEUDNLQJSHGDOLVEHLQJ
XQLIRUPO\SUHVVHGXQWLOWKHGUXPVDUHEORFNHGDQGWKHQWKHVKRZHGYDOXHVRIEUDNLQJIRUFHVDUHPHPRUL]HG7KHWHVW
LVUHSHDWHGXSRQREVHUYLQJWKHUHDGLQJVRIWKHPDQRPHWHUFRQQHFWHGWRWKHWLSRIWKHEUDNHFKDPEHUFRQWRXURIWKH
WHVWHGD[OH7KHYDOXHVRI WKHEUDNLQJIRUFHV VKDOOEH IL[HGZKHQ WKH URWDWLQJGUXPVRI WKH WHVWHUDUHFORVH WR WKH
EORFNLQJOLPLW$WWKHVDPHWLPHV\QFKURQRXVO\WKHYDOXHRIDLUSUHVVXUH݌௭LQWKHEUDNHFKDPEHUFRQWRXURIWKH
UHOHYDQWD[OHVKDOOEHIL[HG
7KHGLIIHUHQFHEHWZHHQZKHHOEUDNLQJIRUFHVRIWKHD[OHVKDOOEHDVVHVVHGDFFRUGLQJWRWKHUHDGLQJVRIWKHWHVWLQJ
VWDQGRUFDOFXODWHGDFFRUGLQJWRWKHIROORZLQJIRUPXOD

PD[
PLQPD[  
F
FFǻ   
KHUHFPD[±WKHELJJHUEUDNLQJIRUFHDFWLQJWKHZKHHOVRIRQHD[OHN1FPLQ±WKHVPDOOHUEUDNLQJIRUFHDFWLQJWKH
ZKHHOVRIRQHD[OHN1
,IWKHGLIIHUHQFHEHWZHHQWKHEUDNLQJIRUFHVGRHVQRWPHHWWKHVHWUHTXLUHPHQWVDIXUWKHUFDOFXODWLRQIRUDVVHVVLQJ
WKHEUDNLQJHIILFLHQF\VKDOOQRWEHFDUULHGRXW
7KHHVWLPDWHGDLUSUHVVXUHpsLVHVWDEOLVKHGDFFRUGLQJWRWKHGDWDIURPWKHWDEOHVRIWKHEUDNLQJIRUFHUHJXODWRURU
DQRWKHUUHOLDEOHVRXUFH,IVXFKGDWDDUHQRWDYDLODEOHps EDULVXVHGIRUWKHFDOFXODWLRQ
7KHFRHIILFLHQWRISURSRUWLRQDOLW\LVFDOFXODWHGLQGLYLGXDOO\IRUHDFKD[OHDFFRUGLQJWRWKHIROORZLQJIRUPXOD



 
z
s
p p
pK   
KHUHpz±WKHDLUSUHVVXUHHVWDEOLVKHGRQWKHWHVW
7KHHVWLPDWHGEUDNLQJIRUFHIRUZKHHOVRIHDFKD[OHLVFDOFXODWHGDFFRUGLQJWRWKHIROORZLQJIRUPXOD
 STdSTkpSK FFKF    
KHUHFSTkFSTd±WKHEUDNLQJIRUFHVWKDWDFWWKHOHIWDQGWKHULJKWZKHHORIWKHD[OHUHVSHFWLYHO\N1
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7KHEUDNLQJHIILFLHQF\ LQSHUFHQWZKLOHEUDNLQJE\ WKH VHUYLFHEUDNH LVHVWDEOLVKHGDFFRUGLQJ WR WKH IROORZLQJ
IRUPXOD
 

 ¦  
gm
F
z
B
n
i SKi   
KHUHi «n±WKHQXPEHURID[OHVmB±WRWDOPDVVRIWKHYHKLFOHWg±VWDQGDUGIUHHIDOODFFHOHUDWLRQPV
,IWKHWZRSRLQWPHWKRGLVDSSOLHGWKHLQLWLDOSRLQWLVQRWVWDQGDUGL]HG7KHEUDNLQJIRUFHVKRXOGEHPHDVXUHGDWD
ORZSUHVVXUHRIWKHEUDNHV\VWHPWKDWVOLJKWO\H[FHHGVWKHSUHVVXUHDWWKHWKUHVKROGSRLQWZKHUHWKHEUDNLQJIRUFHPD\
EHPHDVXUHG7KHVHFRQGSULQFLSDOPHDVXUHPHQWVKRXOGEHPDGHDWWKHPD[LPXPDSSOLFDEOHEUDNLQJIRUFHVZKHQ
WKHUHOHYDQWSUHVVXUHRIWKHEUDNHV\VWHPLVORZHUWKDQWKHOLPLWZKHHOEORFNLQJSUHVVXUH
$QGLQWKLVFDVHWKHPHDVXUHGEUDNLQJIRUFHVRQHDFKD[OHVKDOOEHH[WUDSRODWHGWRWKHPLQLPXPGHVLJQSUHVVXUH
7RHQVXUHWKHSURSHUFDOFXODWLRQQROHVVWKDQRIWKHGHVLJQSUHVVXUHRIWKHEUDNHV\VWHPVKRXOGEHIRUPHGE\D
SURSHUD[OHORDGLQJRUORDGPRGHOLQJ
7KHEUDNLQJIDFWRURIDORDGHGYHKLFOHLVIRXQGIURPZM ladRUZRladXSRQDSSO\LQJWKHDERYHPHQWLRQHGHTXDWLRQV
ZKHUH
 iladAFiHiBi PRFF    
iLAiHA
LiHi
Fi PP
FFR
 
   
KHUHFHi±WKHEUDNLQJIRUFHRQWKHD[OH݅DORQJWKHWLUHSHULPHWHUZKHQWKHEUDNHV\VWHPSUHVVXUHLVPA, H i1PA, H i±D
KLJKEUDNHV\VWHPSUHVVXUHRQWKHD[OHiN3DDFLi±WKHEUDNLQJIRUFHRQWKHD[OHi DORQJWKHWLUHSHULPHWHUZKHQWKH
EUDNHV\VWHPSUHVVXUHLVPA, L i1PA, L i±DORZEUDNHV\VWHPSUHVVXUHRQWKHD[OHiN3DD
([SHULPHQWDOUHVHDUFK
)RUWKHWHVWVYHKLFOHVRIDJRRGWHFKQLFDOFRQGLWLRQHTXLSSHGZLWKDK\GUDXOLFEUDNLQJV\VWHPZHUHFKRVHQ7KH
EUDNLQJV\VWHPVRIWKHVDLGYHKLFOHVRSHUDWHZLWKRXWDQ\IDXOWV7KHFKRVHQYHKLFOHVDUHHTXLSSHGZLWKVXSSOHPHQWDO
V\VWHPVDQDQWLORFNEUDNLQJV\VWHP$%6DQHOHFWURQLFVWDELOLW\FRQWUROV\VWHP(63DQGDQHOHFWURQLFEUDNLQJ
V\VWHP(%67KHDERYHOLVWHGV\VWHPVGRQRWDIIHFW WKHPHDVXUHGEUDNLQJIRUFHVEHFDXVH WKHPHDVXUHPHQWVDUH
DFFRPSOLVKHGZKHQWKHHQJLQHLVVZLWFKHGRII
7KHH[SHULPHQWDOWHVWVZHUHFDUULHGRXWLQWKHIROORZLQJVHTXHQFH
x 7KHEUDNLQJIRUFHVDSSOLHGWRWKHEUDNHVDQGWKHEUDNHSHGDOSUHVVLQJIRUFHVZHUHPHDVXUHGZKHQWKHYHKLFOHV
ZHUHIUHHRIDQ\ORDG7KHPHDVXUHPHQWVZHUHDFFRPSOLVKHGLQDFFRUGDQFHZLWKWKHUHTXLUHPHQWVVHWLQWKH
GHVFULSWLRQRIWHFKQLFDOLQVSHFWLRQSURFHGXUH
x 7KHYHKLFOHVZHUHORDGHGZLWKWRQORDG7KHLUEUDNLQJIRUFHVDQGSHGDOSUHVVLQJIRUFHVZHUHPHDVXUHG
x $OOWKHUHVXOWVRIWKHWHVWVZHUHVDYHG$IWHUWKHWHVWVWKHFDOFXODWLRQVVSHFLILHGIRUWKHRQHSRLQWPHWKRGZHUH
FDUULHGRXW
,Q)LJWKHGLDJUDPRIORDGFDUU\LQJYHKLFOH¶VEUDNLQJIRUFHVZKHUHWKHGHSHQGHQFHVRIWKHEUDNLQJIRUFHVRQWKH
SHGDOSUHVVLQJIRUFHVDUHVKRZQLVSUHVHQWHG,QWKHGLDJUDPWKHUHVXOWVREWDLQHGRQWHVWLQJDORDGHGYHKLFOHDQGD
QRQORDGHGYHKLFOHDUHVKRZQWZREUDNHLQVSHFWLQJWHVWVZHUHSHUIRUPHGIRUWKHIURQWD[OHDQGWZREUDNHLQVSHFWLQJ
WHVWVZHUHSHUIRUPHGIRUWKHUHDUD[OH,QWKHWHVWVZLWKDQRQORDGHGYHKLFOHLWVPHDVXUHGPDVVZDVNJDIWHU
ORDGLQJWKHPDVVLQFUHDVHGXSWRNJ7KHWHVWVRIDORDGHGYHKLFOHZHUHFDUULHGRXWXSRQVWULYLQJWRFRPSDUH
WKHYDULDWLRQRIEUDNLQJIRUFHVFDXVHGE\WKHSHGDOSUHVVLQJZLWKWKHVDPHLQDYHKLFOHZLWKRXWDORDG7KHSRLQWV
REWDLQHGLQHDFKWHVWDUHVKRZQLQWKHGLDJUDPXSRQDSSO\LQJWKHPHWKRGRIOHDVWVTXDUHVDOLQHDUGHSHQGHQFHLV
GHGXFHGWKURXJKWKHP,QDGGLWLRQWKHVXPPDUL]HGGHSHQGHQFHVRIDQRQORDGHGYHKLFOHDQGDORDGHGYHKLFOHDUH
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VKRZQLQWKHGLDJUDPVWULYLQJWRJHWWRNQRZWKHYDULDWLRQRIWKHEUDNLQJIRUFHRIWKHZKROHYHKLFOHRQFKDQJLQJWKH
SHGDOSUHVVLQJIRUFH


)LJ7KHGHSHQGHQFHRIWKHEUDNLQJIRUFHVDSSOLHGWRORDGFDUU\LQJYHKLFOH0(5&('(6%(1=635,17(5SURGXFHGLQ
RQWKHSHGDOSUHVVLQJIRUFH
$IWHUFRPSOHWLRQRIWKHILUVWWHVWRIWKHIURQWD[OHWKHREWDLQHGPD[LPXPEUDNLQJIRUFHRQWKHD[OHZDVN1DW
WKHSHGDOSUHVVLQJIRUFH1ZKHQWKHPDVVRIWKHD[OHZDVNJ$IWHUWKHWHVWRIWKHUHDUD[OHRIWKHVDPHORDG
FDUU\LQJYHKLFOHWKHREWDLQHGEUDNLQJIRUFHZDVN1DWWKHSHGDOSUHVVLQJIRUFH1ZKHQWKHPDVVRIWKHD[OH
ZDVNJ
$IWHUFRPSOHWLRQRI WKH WHVWRI WKH IURQWD[OHRI WKHVDPHYHKLFOHZKHQ LWZDV ORDGHG WKHREWDLQHGPD[LPXP
EUDNLQJIRUFHRQWKHD[OHZDVN1DWWKHSHGDOSUHVVLQJIRUFH1DQGDIWHUFRPSOHWLRQRIWKHWHVWRIWKHUHDU
RIWKHVDPHORDGHGYHKLFOH±WKHREWDLQHGPD[LPXPEUDNLQJIRUFHRQWKHD[OHZDVN1DWWKHSHGDOSUHVVLQJIRUFH
1,QWKHVHWHVWVWKHPDVVHVRIWKHD[OHVZHUHIROORZLQJRIWKHIURQWD[OH±NJRIWKHUHDUD[OH±NJ
)RU1FODVVYHKLFOHVGLIIHUHQFHEHWZHHQEUDNLQJIRUFHVDSSOLHGWRZKHHOVRIWKHVDPHD[OHVKRXOGQRWH[FHHG
,QWKHWHVWVRIDQRQORDGHGYHKLFOHWKHPHDVXUHGGLIIHUHQFHIRUWKHILUVWD[OHZDVDQGWKHPHDVXUHGGLIIHUHQFH
IRUWKHUHDUD[OHZDVLQWKHWHVWVRIDORDGHGYHKLFOHWKHGLIIHUHQFHIRUWKHIURQWD[OHZDVDQGIRUWKHUHDO
D[OH±
7KHWRWDOPDVVDWHVWHGORDGFDUU\LQJYHKLFOHZDVNJ%HFDXVHWKHVDLGYHKLFOHVZHUHSURGXFHGDIWHU-XO\
WKHEUDNLQJHIILFLHQF\RIWKHLUVHUYLFHEUDNHVVKRXOGEHQROHVVWKDQ7KHOLPLWEUDNLQJIRUFHIRUWKHZKROH
YHKLFOHVKDOOFDOFXODWHGDFFRUGLQJWRWKHIRUPXODGHGXFHGIURPWKHIRUPXOD
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KHUH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i «n±WKHQXPEHURID[OHVmB±WKHWRWDOPDVVRIWKHYHKLFOH
Wg±IUHHIDOODFFHOHUDWLRQPVz±WKHEUDNLQJHIILFLHQF\LQSHUFHQW
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7KH'LUHFWLYH((%SRLQWVRXWWKDWEUDNHFRQWUROIRUFHVKDOOQRWH[FHHG1VRLWLVGHILQHGLQWKHGLDJUDP
WKDW1LVWKHPD[LPXPSHGDOSUHVVLQJIRUFH
$VLWPD\EHVHHQIURP)LJWKHOLPLWEUDNLQJHIILFLHQF\LVDFKLHYHGIRUDIXOO\ORDGHGYHKLFOHLIWKHEUDNH
SHGDOLVDFWHGE\SUHVVLQJIRUFHRI1±VXFKDIRUFHZDVREWDLQHGRQWKHWHVWRIDQRQORDGHGYHKLFOH:KHQWKH
YHKLFOHLVORDGHGWKHSHGDOSUHVVLQJIRUFHRI1LVUHTXLUHGWRDFKLHYHWKHOLPLWEUDNLQJHIILFLHQF\7KHUHLVa
HUURUEHWZHHQWKHDERYHPHQWLRQHGYDOXHVLWDWWHVWVWKDWYDULDWLRQRIWKHEUDNLQJIRUFHVDQGSHGDOSUHVVLQJIRUFHVRQ
ORDGLQJWKHYHKLFOHZLWKGLIIHUHQWPDVVHVUHPDLQVDOPRVWWKHVDPH
$IWHUDQDQDO\VLVRIWKHGHSHQGHQFHRIWKHEUDNLQJIRUFHVDSSOLHGWRWKHWHVWHGORDGFDUU\LQJYHKLFOHRQWKHSHGDO
SUHVVLQJIRUFH LWPD\EHFRQFOXGHGWKDW WKHEUDNLQJV\VWHPRIWKHYHKLFOHZLWKWKHPD[LPXPORDGZRXOGRSHUDWH
DSSURSULDWHO\WKHHIILFLHQF\ZLOOH[FHHGDQGWKHGLIIHUHQFHZLOOEHQRPRUHWKDQ
,QWKHGLDJUDPSUHVHQWHGLQ)LJWKHIROORZLQJQRWDWLRQVDUHXVHG
m±WKHPDVVRIWKHYHKLFOH
mc±WKHPDVVRIWKHQRQORDGHGYHKLFOH
mcc±WKHPDVVRIWKHORDGHGYHKLFOH
mca±WKHPDVVRIWKHIURQWD[OHRIWKHQRQORDGHGYHKLFOH
mcca±WKHPDVVRIWKHIURQWD[OHRIWKHORDGHGYHKLFOH
mca±WKHPDVVRIWKHUHDUD[OHRIWKHQRQORDGHGYHKLFOH
mcca±WKHPDVVRIWKHUHDUD[OHRIWKHORDGHGYHKLFOH
&RQFOXVLRQV
$IWHU WKHDQDO\VLVRI WKHGHSHQGHQFHRI WKHEUDNLQJ IRUFHV LQD ORDGFDUU\LQJYHKLFOHZLWKDK\GUDXOLFEUDNLQJ
V\VWHPRQWKHSHGDOSUHVVLQJIRUFHWKHIROORZLQJFRQFOXVLRQVPD\EHSURYLGHG
 ,IWKHGHSHQGHQFHRIWKHEUDNLQJIRUFHYDULDWLRQRQWKHSHGDOSUHVVLQJIRUFHLVNQRZQWKHYDOXHRIWKHEUDNLQJ
IRUFHZKHQWKHPDVVRIWKHYHKLFOHFRQIRUPVWRLWVPD[LPXPSRVVLEOHPDVVPD\EHIRUHFDVWHG
7KHGHSHQGHQFHRIEUDNLQJIRUFHJURZLQJRQWKHSHGDOSUHVVLQJIRUFHLVOLQHDU
2Q FKDQJHV RI D[LDO ORDG WKH FKDQJHV RI WKH EUDNLQJ IRUFH GHSHQGHQFH RQ WKH SHGDO SUHVVLQJ IRUFH DUH
LQFRQVLGHUDEOH
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